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Introduction
During October 2007, evaluations were conducted of agents that were being considered as potential replacement agents for Halon 1211 in U.S. Navy and Air Force flight line extinguishers under a joint U.S. Navy and U.S. Air Force (USAF) test protocol for the Environmental Security Technology Certification Program. During the evaluations, it was noted that the extinguishing agents had a low success rate putting out standard protocol rear engine fires at ambient temperatures above 76°F, and none extinguished fires when ambient temperature was above 81°F. This led to questions about the efficacy of Halon 1211 at higher ambient temperatures. The original Halon flight line extinguisher evaluations were done in the winter of 2002 at ambient temperatures from 44°F to 77°F. Consequently, five rear engine fires were done using the Halon 1211 flight line extinguisher at ambient temperatures ranging from 78°F to 85°F. This addendum is a report of the results of those five trials.
Methods, Assumptions and Procedures
The methods and procedures used to accomplish these trials were the same as those used for the original evaluations done in 2002, with the following exceptions: Fuel was flowed through nozzle #2 (low pressure turbine) to preheat the test nacelle, not nozzle #3 (afterburner), because experienced showed that preheating was quicker and more uniform when nozzle #2 was used. Nacelle temperature was measured with a hand-held infrared thermometer for this series of evaluations instead of an installed thermocouple.
The flight line extinguisher was set on a load cell and weight was measured and recorded every tenth of a second during each trial to determine the variation of flow rate with time. For the 2002 experiments, extinguisher weight was measured only before and after each trial.
Three video cameras were used to capture visual records of the fires, and actual extinguishment times were determined from the video records, as were total times that the firefighters actually discharged Halon. Cameras were used to capture views of the tests from multiple vantage points to counteract obscuration of flames by smoke or physical obstacles, then the multiple views were observed to determine the last instant that any flames appeared in any view, which made determining how long it took to extinguish each fire accurate and verifiable. Video recordings were used in conjunction with the data measured by the load cell to distinguish the actual amount of Halon used to extinguish each fire from the total amount expended for each fire.
Halon 1211 is an ozone depleting substance. The number of trials was set at five so that enough data could be gathered to make a statistical comparison while minimizing the release of Halon 1211 for test purposes.
Extinguishment time was the chosen parameter for comparing the two data sets.
Comparing the total amount of extinguishing agent used in each fire was not a good method of comparison because when fire fighters extinguish a fire, they continue to apply agent for a period of time after the fire appears to be out to insure the flames are extinguished. It is not a fixed period of time for a particular firefighter, or for fire fighters as a group; therefore, it is not a good method of comparison. Also, there wasn't any 2002 data for the amount of agent expended up to the point that each fire was extinguished to compare to the 2007 evaluations because extinguisher weight was not measured during fires in the 2002 evaluations. Therefore, comparing the agent expended in both series was not possible. In both series, video records were used to determine how long it took to extinguish each fire, therefore, time to extinguish the fires was chosen as the parameter for comparing the two data sets. Table 1 presents a summary of the results from the 2007 trials. All five fires were extinguished. Extinguishment time given in column three was the time it took to extinguish the fires as determined from video records, and the quantity discharged to extinguishment in column four is the corresponding weight of Halon 1211 as determined from the load cell data. Firefighters as a rule apply agent for a period after the fire appears to be extinguished to deter reflash, and this data is included for information only in columns five and six, total extinguisher discharge time and total quantity of Halon discharged. Table 2 presents data from the 2002 fire trials, and it is included for convenience of comparison. Only data for the 18 fires extinguished is included in Table 2 because there were no extinguishment times for the two tests in which fires were not put out. The fire fighter who did trials two through five in 2007 was not the same fire fighter who did trial number one. The firefighter for trials two through five had completed upward of 50 fires under the same test protocol and with extinguishing agents requiring a technique of use similar to the technique for using Halon 1211 just three weeks before these tests. The fire fighter in trial one had not done a similar fire in over three months. Using two fire fighters with very different proficiencies added a source of variation that should have been anticipated and avoided in tests. In consideration of this error, data from trial number one was excluded from subsequent analysis.
Results and Discussion
In The objective was to show that Halon 1211 was as effective at extinguishing the protocol fire at ambient temperatures of 78-85°F as it was at ambient temperatures of 44-77°F. A difference of means test for small samples using the t-distribution for these two data samples, excluding data from 2007 trial number one and 2002 trial number 17, yields a probability of 93.5% that Halon 1211 is as effective at extinguishing fires at ambient temperatures of 78-85°F as it is at ambient temperatures of 44-77°F.
This type of test is an attribute test or a go/no-go test, and the data follows a binomial distribution. For the original 20 fires conducted in 2002, 18 were extinguished, and the estimate of the true probability of success (p) in a 95% confidence interval is, 0.70 < p < 0.97.
Because it has been shown that Halon 1211 is equally effective over the full range of temperatures at which tests were done, Halon 1211 was successful 23 out of 25 times it was used to extinguish the protocol fire. For this combined data, the probability of success extinguishing the protocol fire with Halon 1211 in a 95% confidence interval is, 0.76 < p < 0.97.
Conclusions
Halon 1211 is equally effective suppressing JP8 fires over a range of ambient temperatures from 44°F to 85°F, and there is no indication that its fire fighting effectiveness drops with increasing temperature up to 85°F. Using the standard USAF flight line extinguisher containing Halon 1211 on the standard test protocol fire, a proficient fire fighter should expect to extinguish better than 75% of the fires.
